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LOST PATTERN MOLD REMOVAL CASTING METHOD AND APPARATUS 

The present application claims priority from U.S. provisional patent 
application No. 60/412,176, filed September 20, 2002. 
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FIELD OF THE INVENTION 

The present invention relates to the casting of metals. More 
particularly, the present invention relates to the lost pattern process for the casting 
of metals. Still more particularly, the present invention relates to a method and an 
10 apparatus for the lost pattern mold removal casting of metals. 

BACKGROUND OF THE INVENTION 

One of the processes that is used for the casting of metals is 
investment casting, commonly known in the art as the lost pattern process. The 
15 lost pattern process is often used to create castings of complex shapes, increased 
dimensional accuracy (such as control of wall thickness), and/or smooth surface 
characteristics. 

In the lost pattern process, a pattern is made and sacrificed when 
the molten metal is poured. A variety of pattern materials may be used, such as 
20 foam, wax, frozen mercury, or frozen water. The material to be used for the 
pattern depends upon the metal that is to be cast and the specific design 
considerations for the cast part. The lost pattern process using a foam pattern, 

♦ 

i.e., the lost foam process, will be described herein, although it is to be understood 
that the invention may be used on any known lost pattern process. 
25 The lost foam process involves the injection of foam beads, typically 

of polystyrene, into a cavity in an aluminum die, where the beads are expanded by 
steam to fill the cavity. The expanded beads form a pattern that conforms to the 
shape of the die cavity. Turning to FIG. 1, the pattern 10 is removed from the die 
cavity and glued to a runner 12 that allows the molten metal to reach the pattern 
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10 upon pouring. To form a more complex pattern, several individually formed 
patterns may be glued together. 

With reference to FIG. 2, the pattern 10 and runner 12 are dipped 
into a slurry of ceramic material to form a coating 14 on the pattern 10. The 
5 coating 14 is dried and the pattern 10 with the runner 12 and coating 14 is lowered 
into a flask 16, as shown in FIG. 3. The flask 16 is filled with a backing material 
such as unbonded sand 18 that is packed around the pattern 10, often by 
vibration. The vibration allows the sand 18 to penetrate and support the entire 
pattern 10 and runner 12. A portion of the runner 12 extends to the top 20 of the 

10 flask 16 to facilitate the pouring of molten metal. 

Turning to FIG. 4, a crucible 22, or similar vessel, contains molten 
metal (not shown) that is poured through the runner 12 and into the pattern 10. 
As the molten metal contacts the foam of the runner 12 and the pattern 10, the 
foam rapidly decomposes and is vaporized. The molten metal thus replaces the 

15 foam and the ceramic coating 14 maintains the desired shape and surface 
characteristics for the casting. The unbonded sand 18 supports the coating 14 to 
control the dimensional stability of the ceramic coating 14, and thus of the cast 
part. 

The flask 16 is set aside to allow the cast part to cool and solidify, 
20 also known as freezing. Once cooling is complete, as FIG. 5 illustrates, the cast 
part 24, including a gate 26 to be trimmed, is removed from the sand 18 either by 
extracting the part 24 from the sand 18 or dumping the sand 18 out of the flask 16. 
The sand 18 is typically reclaimed and re-used. The ceramic coating 14 (referring 
back to FIG. 4) is removed from the cast part 24 by tumbling or another operation 
25 known to those skilled in the art. 

However, the lost foam process has some well-known 
disadvantages. For one, the tooling is highly complex and therefore expensive. 
Complex parts, such as cylinder heads and blocks, can only be made by specialist 
tool makers. For these reasons, the process is generally limited to those parts 
30 requiring long production runs. 

Also, the contact of molten metal with the foam of the pattern causes 
the evolution of undesirable fumes, creates contamination of the backing 
aggregate as the styrene decomposes and prematurely cools the molten metal. 
In addition, as the styrene foam decomposes, it may release hydrogen, which is 
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captured by the molten metal and thus creates significant defects. A lack of 
uniformity of the density distribution in the foam may also prevent a smooth or 
predictable filling of the mold, allowing the molten metal to advance more rapidly 
in some sections of the mold and then fold back as other sections fill, thereby 

5 enfolding defects. 

These disadvantages have been reduced by a number of alternative 
techniques in the lost foam casting process. For example, once the pattern is in 
the flask and supported by the backing material, the foam may be removed before 
the molten metal is poured. This elimination of the foam before pouring the 
10 molten metal may be performed according to the Replicast Process, as known in 
the art. In this manner, the disadvantages associated with the molten metal 
contacting the foam may be reduced or eliminated. 

Other processes, such as counter-gravity filling (disclosed in U.S. 
Patent No. 6,103,182) and the application of pressure after pouring the molten 
15 metal, have also reduced some of the disadvantages of the lost foam process. 

Still, the foam patterns are relatively weak and must withstand 
handling and being dipped in the ceramic slurry. This causes designs of patterns 
to focus on strength rather than better filling, thereby sacrificing optimum casting 
process characteristics. The weakness of foam patterns also often leads to 
20 distortion of the patterns when the backing material is poured around the pattern 
in the flask. Such weakness of the patterns leads to a need for a coating that may 
lend more structural support to the patterns. 

Other disadvantages of the lost foam casting process are associated 
with the slow cooling of the cast metal. As mentioned above, after the molten 
25 metal is poured into the mold, the mold is typically set aside until enough heat has 
been lost from the metal so that it has solidified, whereupon the casting is 
removed from the mold. 

The sand that serves as the backing material in lost foam casting is 
most commonly silica. However, silica experiences an undesirable transition from 
30 alpha quartz to beta quartz at about 570 degrees Celsius (°C), or 1,058 degrees 
Fahrenheit (°F). In addition, a silica backing aggregate typically does not allow 
rapid cooling of the molten metal due to its relatively low thermal conductivity. 
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Rapid cooling of the molten metal is often desirable, as it is known in 
the art that with such cooling the mechanical properties of the casting are 
improved. Moreover, rapid cooling allows the retention of more of the alloying 
elements in solution, thereby introducing the possibility of eliminating subsequent 
5 solution treatment, which saves time and expense. The elimination of solution 
treatment prevents the quench that typically follows, removing the problems of 
distortion and residual stress in the casting that are caused by the quench. 

As a result, it is desirable to develop a lost foam casting process and 
related apparatus that provide the advantages of increased structural support of 
10 the pattern and more rapid solidification of the cast metal. 

BRIEF SUMMARY OF THE INVENTION 

In an exemplary embodiment of the present invention, a process for 
the lost pattern mold removal casting of metals is provided. The process includes 
the steps of forming a pattern from a material, forming an erodable aggregate 
coating around at least a portion of the pattern to form a mold, the coating 
including a particulate or granular material and a binder, removing the pattern 
from the mold, delivering molten metal into the mold, contacting a solvent with the 
mold, cooling the molten metal such that it at least partially solidifies to form a 
casting, and removing at least a part of the mold. 

In another exemplary embodiment of the present invention, an 
assembly for the lost pattern mold removal casting of metals is provided. The 
15 assembly includes a mold, at least a portion of which includes an erodable 
aggregate. 

In yet another exemplary embodiment of the present invention, an 
apparatus is provided for the lost pattern casting of metals whereby a lost pattern 
mold is at least partially eroded and the casting is cooled and solidified by contact 
with a solvent. The apparatus includes, an erodable lost pattern mold, an 
erodable backing at least partially surrounding and supporting the mold, and a 
nozzle for delivering a solvent to contact at least a part of the mold and the 
backing. 

In still another embodiment of the invention, a process for the lost 
pattern casting of metals is provided. The process includes the steps of forming a 
pattern from a material, forming a ceramic coating around at least a portion of the 
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pattern to form a mold, forming an erodable backing around at least a portion of 
the mold, removing the pattern from the mold, delivering molten metal into the 
mold, contacting a solvent with the erodable backing to erode at least a part of the 
backing, cooling the molten metal such that it at least partially solidifies to form a 
casting, and removing the ceramic coating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may take physical form in certain parts and 
arrangement of parts or certain process steps, preferred embodiments of which 
will be described in detail in this specification and illustrated in the accompanying 
drawings, which form a part hereof and wherein: 

FIG. 1 is a schematic perspective view of a pattern of the prior art; 

FIG. 2 is a schematic perspective view of the pattern of FIG. 1 with a 
ceramic coating of the prior art; 

FIG. 3 is a schematic perspective view of the pattern and coating of 
FIG. 2 in a flask of the prior art; 

FIG. 4 is a schematic perspective view of the pattern and flask of 
FIG. 3 with a crucible; 

FIG. 5 is a schematic perspective view of a casting of the prior art; 

FIG. 6 is a schematic perspective view of a pattern; 

FIG. 7 is a schematic perspective view of the pattern of FIG. 6 with a 
coating in accordance with one embodiment of the present invention; 

FIG. 8 is a schematic perspective view of the pattern and coating of 
FIG. 7 with backing material in accordance with another embodiment of the 
present invention; 

FIG. 9 is a schematic perspective view of the pattern and backing 
material of FIG. 8 with a crucible and solvent delivery system; 

FIG. 10 is a schematic perspective view of a casting formed in 
accordance with an embodiment of the present invention; and 

FIG. 1 1 is a schematic perspective view of yet another embodiment 
of the present invention. 
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Referring now to the drawings, wherein the showings are for 
purposes of illustrating the preferred embodiments of the invention and not for the 
purposes of limiting the same, FIG. 6 illustrates a foam pattern 28 with a gate 30 
attached to it. 

5 Turning to FIG. 7, the pattern 28 and gate 30 may be dipped into a 

slurry of an erodable or removable coating 32. The erodable coating 32 may be 
an aggregate composed of a particulate material and a binder. The particulate 
material may be a material having a minimal thermal capacity and/or minimal 
thermal conductivity (i.e. a minimal heat diffusivity) to reduce the heat that is 

10 extracted from the cast molten metal. By reducing the heat that is extracted, the 
molten metal does not solidify prematurely and thus flows smoothly into all 
portions of the pattern 28, including thin areas. The particulate material may also 
have a low coefficient of thermal expansion and no phase change, allowing use of 
the coating 32 to high temperatures while retaining high dimensional accuracy. 

15 In a preferred embodiment, the aggregate of the erodable coating 32 

may be composed of approximately spherical particles, which impart a good 
surface finish to the casting. Of course, the particulate material may be of any 
other defined shape as well, such as pentagonal, hexagonal, etc., as well as 
irregularly shaped. The size of the particles should be fine enough to allow the 

20 creation of a good surface finish on the casting, but the size may be increased if 
the coating 32 is to be permeable to vent gases. 

An exemplary material to be used for the particulate material of the 
erodable coating 32 is cenospheres, a constituent of fly ash. Cenospheres are 
inert, naturally occurring hollow microspheres comprised largely of silica and 

25 alumina. Although their physical and chemical makeup may vary, a typical 
cenosphere may contain, e.g., about 55-75 weight percent (wt.%) amorphous 
silica, 10-25 wt. % alumina, 1-10 wt % sodium oxide, 1-10 wt. % potassium oxide, 
0.1-5 wt. % calcium oxide and 0.1-5 wt. % iron oxide. The exact composition of 
the cenospheres is not critical. Cenospheres are light in weight with a specific 

30 gravity ranging from about 0.70 to about 2.35, depending on the grade. They 
have low thermal capacity and thus extract little heat from molten metal, allowing 
increased flow of molten metal in the mold. 

Other exemplary materials that may be used for the particulate 
material include, but are not limited to, crushed pumice particles (an amorphous 
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foamed mineral); silica sand; ceramic, glass or refractory micro-bubbles; and 
mixtures of the above. Other types of volcanic glass such as perlite may also be 
used. Generally, any type of granular material having a quantity of trapped air 
between and/or within the packed particles and having a low heat capacity and 
5 thermal conductivity may be used. 

The aggregate of the erodable coating 32 is bonded with a binder 
that is soluble. The binder may be an inorganic material that will pick up little or 
no hydrogen, preventing detrimental exposure of the molten metal to hydrogen. 
As a result, the binder may contain no water or hydrocarbons. Such a lack of 

10 water or hydrocarbons also allows the erodable coating 32 to be dried at high 
temperatures or heated up to the casting temperature of the metal, well above the 
boiling point of water. The binder may also have low gas evolution when the 
molten metal is cast, reducing the need for a coating 32 that is permeable. The 
avoidance of a permeable coating 32 allows the use of more finely sized particles 

15 for the aggregate, which is advantageous, as described above. 

An exemplary binder possessing the described characteristics is 
based on phosphate glass, a binder that is known in the art. Phosphate glass is 
an amorphous, water-soluble material that includes phosphoric oxide, P 2 0 5 , as 
the principal constituent with other compounds such as alumina and magnesia or 

20 sodium oxide and calcium oxide. Other exemplary binders include inorganic 
silicates, such as sodium silicate, borates, phosphates, sulfates, such as 
magnesium sulfate, and mixtures thereof Further exemplary binders include 
systems wherein an organic binder, such as urethane, is added to a known 
inorganic binder and the organic binder is in the range of from about 1 weight 

25 percent (wt. %) to about 51 wt. % of the binder system. 

The proportion of the mixture of the binder and the particulate 
material in the erodable coating 32 is determined by the viscosity needed to 
effectively coat the pattern 28 and gate 30. For example, the proportion should 
yield a workable slurry that allows the coating 32 to coat all exterior surfaces of 

30 the pattern 28, while remaining thick enough to support the pattern 28 and provide 
an effective containment of the molten metal. It is to be noted that other additives 
that are known in the art may be included in the erodable coating 32 to aid in 
wetting and the reduction of foaming. 
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With reference to FIG. 8, once the erodable coating 32 has dried, 
the pattern 28 and gate 30 are placed in an erodable backing 34. The erodable 
backing 34 is composed of a particulate material and a binder. The particulate 
material may be the same as that described above for the erodable coating 32, 
5 with the optional addition of another exemplary material that may be used, a 
known non-silica synthetic particulate material. Although contemplated by the 
invention, primarily silica sand based aggregates are not preferred because the 
alpha/beta quartz transition causes many different defects. For example, the 
sudden expansion around hot-spots causes buckling of the coating 32 and 

10 sometimes, if occurring over a larger volume, leads to major distortions of the 
casting. In addition to which, the use of fine silica particles in the coating 32 is 
often avoided because of health and safety considerations. 

The binder of the erodable backing 34 can be the same as that 
described above for the erodable coating 32. A primary difference between the 

15 composition of the erodable coating 32 and the erodable backing 34 is the amount 
of binder. For the erodable backing 34, a very low percentage of binder may be 
used compared to the erodable coating 32, due essentially to the function of the 
erodable backing 34 as a support medium, rather than a coating medium. The 
amount of binder in the erodable backing 34 may be fifty percent (50%) or less 

20 than that used in a mold for conventional (i.e., not lost pattern process) casting. 

Other differences between the composition of the erodable coating 
32 and the erodable backing 34 can include additives for specific processing 
considerations, or specific particulate material and binder material choices. For 
example, the erodable coating 32 may include cenospheres as the aggregate and 

25 a binder based on phosphate glass, while the erodable backing 34 may include a 
particulate material of silica (or other) sand and a binder of an inorganic silicate. 

An advantage to the use of the binder in the erodable backing 34 is 
the creation of a free-standing mold 35, thereby eliminating the need for a flask 16 
(referring back to FIG. 3). The benefits of this advantage will be examined in 

30 detail below. 

Turning to FIG. 9, once the erodable backing 34 is in place, molten 
metal is poured into the gate 30 via the crucible 22 or another source for molten 

metal, as known in the art. While the system illustrated is that of gravity pouring, 

» 

counter-gravity casting using conventional low pressure, or a pump, such as the 
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one disclosed in U.S. Patent 6,103,182 may also be utilized, enhancing the quality 
of the casting. To encourage the filling of narrow sections, the mold 35 may be 
heated to increase the flow of the molten metal. The process may be performed 
with or without removing the foam prior to pouring the molten metal. Moreover, 
5 related processes may be involved, such as the Replicast Process, whereby the 
foam may be eliminated prior to the pouring of the molten metal, leading to 
improved qualities in the casting. 

After the metal is poured, the erodable backing 34 and the erodable 
coating 32 are progressively subjected to the action of a solvent. As mentioned, 
10 the binder of the erodable backing 34 and the erodable coating 32 is soluble. 
Thus, the solvent dissolves the binder and thereby causes the backing 34 and the 

coating 32 to decompose. 

An exemplary solvent is water. Water is environmentally acceptable 
and has high heat capacity and latent heat of evaporation, allowing it to absorb a 

15 significant amount of heat before evaporating. It can thus provide an optimum 
cooling effect to enable rapid solidification of the cast metal. The water can be at 
ambient temperature or can be heated. In some instances, it may be possible to 
use steam in place of water. 

Other solvents may include liquids or gases that decompose the 

20 binder and cool the cast metal. For example, known quenching agents may be 
used with appropriately soluble binders. Moreover, a grit may be entrained in the 
cooling fluid (liquid or gas) and used to decompose the erodable backing 34 and 
the erodable coating 32 by abrasion, at the same time as the backing 34 and/or 
the coating 32 are being washed away by the fluid. 

25 An exemplary manner of delivery of the solvent is by a spray nozzle 

36 that directs a jet of solvent 38, such as water, at the erodable backing 34. The 
jet 38 may be delivered in any suitable configuration from a narrow stream to a 
wide fan and may be a steady stream or a pulsating stream, as dictated by the 
particular application. 

30 The delivery of solvent, i.e., the spray, may begin at the base of the 

mold 35. The mold 35 can be lowered to allow the nozzle 36 to deliver the solvent 
in a progressive manner to intact portions of the erodable backing 34 so that the 
backing 34 decomposes. Once the backing 34 is decomposed in a particular 
area, the solvent continues to be delivered to the coating 32 to cause the coating 
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32 to decompose as well. In the alternative, the mold 35 may remain stationary 
and the nozzle 36 may be caused to move in order to progressively deliver a 
solvent jet 38 to decompose the erodable backing 34 and the coating 32. In order 
to allow the entire circumference of the backing 34 and the coating 32 to be 
5 contacted by the jet 38 for rapid decomposition, they may be rotated or the spray 
nozzle 36 may be moved about them. Also, several spaced jets can be used, if 
desired, as described below. An exemplary method and apparatus for the 
removal of the mold is described in copending U.S. patent application No. 
10/614,601 filed on July 7, 2003 and entitled "Mold Removal Casting Method and 
10 Apparatus", the disclosure of which is incorporated herein by reference in its 
entirety. 

The rate and pressure of delivery of the jet 38 are of a setting that is 
high enough to decompose the erodable backing 34 and the erodable coating 32, 
yet low enough to allow the solvent to percolate through the backing 34 and the 

15 coating 32 so that percolated solvent arrives at the cast metal ahead of the full 
force of the jet 38. For example, high volume, low pressure delivery in a range of 
about 0.5 to 50 liters per second, Lps (10 to 100 gallons per minute, gpm) at a 
pressure ranging from 0.03 to 70 bar (0.5 to about 1,000 pounds per square inch, 
psi) may be advantageous. In this manner, the percolated solvent causes the 

20 formation of a relatively solid skin on the cast metal before the metal is contacted 
by the force of the jet 38, thereby preventing distortion of the metal or explosion 
from excessive direct contact of the solvent with the molten metal. 

An additional consideration is the increased binder composition of 
the erodable coating 32 compared to the erodable backing 34. The increased 

25 binder composition amount requires more solvent to decompose the erodable 
coating 32 than the erodable backing 34, thereby slowing the approach of the 
solvent to the cast metal and reducing the undesirable effects of sudden, forceful 
contact of the solvent 38 with the cast metal. This action of the coating 32 to 
provide a temporary protection of the casting from the force of the water is one of 

30 the major advantages of the coating 32. It effectively enhances the robustness of 
the erosion/solidification process. Ultimately, however, the process can be made 
to work without the coating 32, as is evident of course from the existence of direct 
chill casting of aluminum alloy billets by the continuous casting process. In this 
analogous process, the careful progression of the action of cooling water jets on 
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the unprotected casting surface as the casting passes through the jets is known in 
the art. 

To enhance percolation of the solvent 38 through the erodable 
backing 34 and/or the erodable coating 32, a surfactant, as known in the art, may 
5 be added to the binder formulation. In addition, at least some of the heat that is 
absorbed from the molten metal by the coating 32 and the backing 34 may 
increase the temperature of the solvent as the solvent percolates through, thereby 
increasing the energy of the solvent and causing it to erode the backing 34 and 
the coating 32 more rapidly. 

10 Another consideration for the rate and pressure of the delivery of 

the jet 38 is the contact of the solvent with the cast metal once the erodable 
backing 34 and the coating 32 have decomposed. The rate and pressure of the 
jet 38 must be low enough to prevent damage to the casting, but must be high 
enough to overcome the formation of a vapor blanket. A vapor blanket is formed 

15 by the evaporation of the solvent that has percolated through the erodable 
backing 34 and the coating 32 to contact the metal in forming the skin on the 
casting. The vapor blanket reduces the transfer of heat away from the cast metal 
and is detrimental to the rapid cooling that is necessary to obtain the desirable 
properties and effects that are described above. Thus, it is advantageous to 

20 adjust the jet 38 to overcome the vapor blanket. 

Control of the jet 38 may be exercised in at least two ways. The rate 
and pressure of delivery may be set to achieve all of the above parameters, or two 
separate settings may be used. If two separate settings are used, one setting 
may be established for decomposition of the erodable backing 34 and at least a 

25 portion of the erodable coating 32, while a separate, reduced setting may be timed 
to replace the decomposition setting when the jet 38 is about to contact the cast 
metal. Of course, the manner in which the jet 38 is delivered, i.e., narrow stream, 
wide fan, steady flow, intermittent pulse, etc., will likely affect the rate and 
pressure settings of the jet 38 accordingly. 

30 The solidification of the casting beginning at its base and 

progressing to its top allows the most recently poured metal (i.e., in the gate) to 
remain in a molten state for the maximum length of the time so that it may 
continue to feed the casting. By feeding the casting for a longer period of time, 
voids created by shrinkage of the metal upon cooling are minimized. Solidification 
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from the base of the casting to the top also allows length or longitudinal changes 
to take place before solidification is complete, thereby eliminating any significant 
buildups of internal stress that often occur in quenching. 

It is important to note that a single nozzle 36 is not limited to a base- 
5 to-top direction of spray as described above. Depending on the application, it may 
be desirable to spray the jet 38 from the top of the mold 35 to the bottom, from a 
midpoint to one end, or in some similar pattern. Some geometries of casting may 
benefit from the cooling being arranged horizontally, from one or more sides or 
ends of a casting to another, or simultaneously to meet at a central feeder, etc. 
10 The application of solvent is not limited to a single direction or 

nozzle. For example, two or more nozzles may be present, eroding the backing 

34 and the coating 32 from multiple directions. Each nozzle can spray a 
respective jet at the backing 34 and/or coating 32, decomposing them more 
rapidly and uniformly. Any number of nozzles may be present, as a great number 

15 of nozzles may be advantageous for large or complex castings, or a few nozzles 
may provide optimum coverage for other castings. As described above, the mold 

35 may be rotated and moved vertically to allow complete distribution of the jets, 
or the nozzles may be moved while the mold assembly remains stationary. 

In addition, when multiple nozzles are used, it may be advantageous 
20 to time the function of the nozzles to complement one another. For example, the 
bottom nozzle may be engaged, thereby spraying a jet at the bottom of the mold 
35. The bottom nozzle may be turned off and side nozzles may be engaged to 
spray other jets at the mold 35, and so on. Such coordinated timing of multiple 
nozzles may optimize the decomposition of the mold 35 and/or the direction of 
25 cooling of the cast metal to provide the desired characteristics of the casting. 

Moreover, when multiple nozzles are used, combinations of solvents 
and/or temperatures may be employed. For example, some nozzles could deliver 
jets of one solvent, while other nozzles deliver jets of a different solvent. Some 
nozzles could also deliver solvent at a first temperature, while other nozzles 
30 deliver the solvent at a different temperature. 

Other solvent delivery systems are possible. One could, for 
example, direct the solvent to the erodable backing 34 and/or coating 32 via an 
impeller, over a waterfall, or other means. In addition, steam may be delivered 
under pressure toward the erodable backing 34 and the coating 32. Furthermore, 
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it is conceivable that a binder and solvent combination could be developed of such 
effectiveness that the erodable backing 34 with the cast metal and the coating 32 
could be eroded without rapid movement of the solvent, such as by dipping or 
immersing them into a bath of the solvent. In such a system, the water or other 
5 solvent (whether flowing or stagnant) would progressively dissolve the soluble 
binder, slowly disintegrating the erodable backing and/or coating. Thus, while one 
means of applying the solvent is via a nozzle, other means and combinations of 
means are also conceivable. The same considerations that are described above 
apply to these alternative delivery techniques, as the conditions of the delivery 

10 system must be adjusted according to the desired rate and manner of erosion. 

As the backing 34 and the coating 32 decompose when sprayed 
with the solvent, at least some of the constituents may be reclaimed. The 
particulate material, and in some cases the binder, can be gathered for drying and 
re-use. Moreover, the solvent can be collected, filtered and recirculated for further 

15 use. In some systems, it may also be possible to reclaim the binder as well 
through a reclamation system as known in the art. 

As mentioned above, the use of the binder in the erodable backing 
34 allows the mold 35 to be free-standing and thus eliminates the need for a flask 
16 (referring back to FIG. 3). The operation and materials associated with 

20 construction of the flask 16 are thereby eliminated, saving time and expense. In 
addition, the elimination of the flask 16 allows erosion to take place without 
restrictions, such as limited areas and angles of application of the solvent, which 
would be imposed with a flask 16. 

In the case of the absence of a coating 32, the aggregate and binder 

25 mixture are compacted around the pattern to make a mold 35 of sufficient density 
in the traditional manner. 

In the case of the use of a coating 32 on the pattern 28, the use of 
the binder in the backing material 34 also leads to a mold 35 that needs no active 
compaction and may therefore be more loosely compacted. This in turn reduces 

30 the curing time of the mold 35 and reduces the re-condensation of moisture in 
parts of the mold 35 that have already cured, leading to greater mold strength. 
Thus, the mold 35 has greater strength than would be expected, given the limited 
amount of binder used. The looser compaction may also create greater 
permeability of the mold 35, reducing problems of gas entrapment in casting. 
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Thus, the cast metal is exposed to the solvent as the erodable 
backing 34 and the erodable coating 32 decompose, causing the cast metal to 
cool rapidly and solidify. With reference to FIG. 10, a casting 40 with a gate 42 is 
ready for handling once the erodable backing 34 and the erodable coating 32 
5 (referring back to FIG. 9) have been completely decomposed. This rapid cooling 
process results in a casting 40 with advantageous mechanical properties. 
Moreover, the delivery of a solvent in a manner such as spraying may have a 
strong zonal cooling effect on the cast metal, encouraging the whole casting to 
solidify progressively, thereby facilitating feeding and securing the soundness of 
10 the casting. 

The gate 42 is normally trimmed from the casting 40, a step 
traditionally performed as a separate operation in the prior art. With the present 
invention, at least one jet of solvent may be designed to deliver solvent at a rate, 
volume and area sufficient to cut the gate 42 off, thereby eliminating an additional 

15 process step of the prior art. 

As mentioned above, the elimination of the foam prior to casting may 
be a valuable step to improve the quality of the cast products. The foam may be 
eliminated by very hot gas, such as heated air, or the mold 35 may be placed in a 
heated furnace enclosure. Fume extraction during this step should also take 

20 place. Also as mentioned above, such heating of the mold 35, even if it is only 
over its internal surface, will greatly increase the potential for the filling of narrow 
sections of extensive area, which may constitute a major advantage of the 
process. 

In accordance with the present invention, a substantially cooled 
25 casting that has been separated from the mold 35 is achieved rapidly. The mold 
35 is allowed to only define the shape of the cast product and not to extract heat 
from the casting. The extraction of heat is carried out by the controlled process 
of freezing the casting with a solvent in a directional manner to promote the 
maximum properties and stress relief of the casting. By carrying out the heat 
30 extraction in a separate step, the filling of the mold 35, whether by gravity 
pouring, tilt pouring, or by counter gravity filling, encourages flow of the molten 
metal while minimizing premature solidification, allowing castings of complex 
geometry or thin sections to be achieved. 
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Other embodiments of the invention are also possible. For example, 
a ceramic coating of the prior art 14 (referring back to FIG. 2) could be used with 
an erodable backing 34 (FIG. 8). In this instance, a solvent delivery system could 
decompose the erodable backing 34 while not decomposing the ceramic coating 
14, which could be removed in a subsequent operation. The solvent erosion of 
the backing 34, however, would still lead to substantially rapid cooling of the cast 
metal, thereby conferring many of the above advantages on the process to create 
a casting with desirable properties. 

Turning to FIG. 11, an erodable coating 32 may be used on a 
pattern 28 and supported by an unbonded particulate material backing 18 in a 
flask 16. The flask 16 may be designed to allow a solvent delivery system, such 
as a nozzle 36, to direct solvent 38 at the unbonded particulate material 18 and 
allow it to flow out of the flask 16, carrying the particulate material 18 with it. For 
example, the nozzle 36 may be so used as to expel the unbonded particulate 
material 18 from the top of the flask 16 downward. When at least a portion of the 
unbonded particulate material 18 is expelled, the solvent 38 may contact the 
erodable coating 32 to decompose it. As a result, the cast metal can be rapidly 
cooled in a manner similar to that described above, thereby imparting similar 
desirable characteristics upon the casting. 

It is also possible to use the solvent delivery system with a ceramic 
coating of the prior art 14 (FIG. 2) that is supported by an unbonded backing 
particulate material 18 in a flask 16 (FIG. 3). The flask 16 may be designed to 
allow a solvent delivery system, as described herein, to direct solvent at the 
unbonded particulate material 18 and allow it to flow out of flask 16 with the 
particulate material 18, such as from the top of the flask 16 downward. The 
ceramic coating 14 could be removed in a subsequent operation. The rapid 
expulsion of the unbonded particulate material 18 by the solvent would lead to 
substantially rapid cooling of the cast metal, once again conferring many of the 
above advantages on the process to create a casting with desirable properties. 

With reference again to figure 8, it is also possible to combine the 
erodable coating 32 and the erodable backing 34 so that there is one layer of an 
aggregate containing a particulate material and a soluble binder about the pattern 
28 that acts to both contain the molten metal and provide support. In this 
embodiment, the erodable backing 34 may be directly placed on the pattern 28, 



15 



• " '( ( ■ 

i 

without the need for a separate coating 14 or 32. The erodable backing 34 is of a 
sufficient viscosity to appropriately coat the surface of the pattern 28 and its 
corresponding features and to achieve the desired surface characteristics. 
Accordingly, the amount of binder in the erodable backing 34 may thus vary for 
5 each particular lost pattern casting application, taking into account such 
considerations as the geometry of the pattern 28, surface characteristics and 
heat transfer requirements. This need for different viscosities of a single-layer 
mold for different applications leads to the surrounding of the pattern 28 with the 
erodable backing 34 by dipping, spraying, compacting or other techniques 
10 described above or known in the art (as the viscosity of the backing 34 dictates). 
Once the pattern 28 is surrounded by the erodable backing 34, a solvent may 
then decompose the single layer as described above to provide rapid cooling of 
the cast metal. 

As is apparent from the foregoing detailed description, a method for 

15 the lost pattern casting of metals, is also disclosed. The method comprises the 
production of castings in accordance with the steps that are presented in the 
process detailed in FIGS. 6-11 and the accompanying description above. 

It is to be noted that the invention is suitable for the lost pattern, i.e., 
investment, casting of any metal, including non-ferrous alloys based on 

20 magnesium, aluminum and copper, as well as ferrous alloys and high temperature 
alloys such as nickel-based and similar alloys. 

With the present invention, one can avoid the use of a coating. The 
necessity for a coating is removed because loose, unbonded particulate material 
is no longer used, it being replaced by weakly bonded aggregate. Thus, the 

25 danger of collapse of the mold during filling is thereby avoided. The coating is one 
of the major control problems for lost foam castings, since its viscosity and 
thickness of the coat has a major effect on filling, but is not easily controlled. 
Advantages of avoiding the coating include reduction of cost and reductions in 
drying time and the large inventory and floor space needed for drying patterns. 

30 A serious defect that is hard to avoid in the prior art is the 

penetration of the coating into tiny crevices of unsealed glued joints, which leads 
to cast-in sharp cracks in the surface of the casting. In addition, any loosely 
compacted foam is also faithfully replicated, causing the casting to suffer cosmetic 
defects, or even fatigue-enhanced problems. Surrounding the foam pattern 



0 



16 



( 



directly with an aggregate instead of a ceramic slurry allows these difficulties to be 
smoothed over, because the larger particle size of the particulate material of the 
aggregate cannot penetrate such minute surface features of the foam, and is thus 
a major advantage of avoiding the coating. 
5 During casting, it is also to be expected that the liquid styrene 

degradation product will be able to disperse more readily directly into an 
aggregate without the presence of a coating. When attempting to disperse into 
the coating, the 'wicking' action of the coating causes the coating to take up the 
liquid, so that the coating becomes temporarily impermeable to the escape of 
10 gases, particularly the entrained air and other low boiling point volatiles in the 
foam itself. Thus, there is considerable danger of gas entrapment. 

The invention has been described with reference to several 
preferred embodiments. Obviously, modifications and alterations will occur to 
others upon reading and understanding the preceding detailed description. It is 
intended that the invention be construed as including all such modifications and 
alterations insofar as they come within the scope of the appended claims or the 
equivalents thereof. 
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